Introduction
The role of fatty acids in the reticuloendothelial system has been studied in a variety of ways, including dietary modification of tissue [ 1-41, analysis of the effects of exogenous fatty acids in vitro [S-91 and investigation of the enzymes of fatty acid metabolism . These approaches have indicated a unique and selective role for arachidonic acid in cell signalling in the immune system. In some pathways, such as Fc y-mediated superoxide generation [S] and in tumour necrosis factor (TNF)-induced cytotoxicity [lo] , arachidonic acid appears to be an obligatory mediator. In other pathways such as lipopolysaccharide priming, the release of arachidonic acid may facilitate the responses to other stimuli [7, 11, 15, 16, 20] .
Recently, attempts have been made to quantify the flux of metabolites through arachidonateassociated pathways [14, 21] . In this paper it will be proposed that these approaches can be integrated into network analysis of the immune system. These second-generation immune networks can incorporate the arachidonate-mediated intracellular and intercellular events that dynamically connect individual elements of the reticuloendothelial system . The advantage of network analysis is that it is possible to investigate the patterns of co-operative responses that define emergent properties. Such properties include the development of immunological memory [22-241. 
Arachidonic acid as a connective element in immune networks
Network properties and their development have been defined by Varela and Coutinho [22] in terms of connectivity as follows: 'the properties of the network emerge from global co-operativity and connectivity. Simple agents (such as cells and cytokines) are dynamically connected to each other in dense ways. Each component of the network operates strictly on the basis of its local environment but, because it is part of the network, there is global co-operation. In such a system, there is no necessity for a central processing unit to guide the network, Abbreviations used: CNS, central nervous system; PAF, platelet-activating factor; Bcl-2, B-cell leukaemia-2; TNF, tumour necrosis factor. nor do external influences act as the prime driving force.' In a closely connected system, signals may have pathways by which they can propagate very deeply into the network. In such systems, network interactions dominate the response. These closely connected systems require control because a small perturbation could trigger the entire immune system [23] . A general principle necessary for the formation of a pattern is the presence of influences that activate over short distances and inhibit over long distances [23, 24] . Such properties characterize several arachidonic acid effects in the reticuloendothelial system.
The generation of the respiratory burst is an important aspect of the immune response. During this process, cytotoxic superoxide anions (0;) are produced by a wide variety of immunocompetent cells in response to appropriate stimulation. Arachidonic acid activates NADPH oxidase [7, 26] . This arachidonic acid release may be obligatory in Fc y receptor stimulation [ 51, and subsequent G-protein activation [8] . Arachidonic acid may stimulate the activity of NADPH oxidase by increasing the number of its active forms and its affinity for its substrate. It is possible that this action is achieved after the 'unmasking' of the p47-SH3 domain of phagocytic NADPH oxidase, which facilitates its interaction with target proteins [ 181. This activation may in turn depend on the activation of leucocyte G-proteins by arachidonic acid. In addition, arachidonic acid exerts direct effects on phagocyte H + and Ca2+ ion flux [6, 7, 19, 21] and effects have been characterized at single channel level. Thus free arachidonic acid, with a limited range owing to enzymes of esterification and metabolism, activates phagocyte NADPH oxidase over short distances [5, 11, 20] (Figure 1 ).
In contrast, the predominant eicosanoid metabolite of arachidonic acid, prostaglandin E,, which is secreted by mononuclear phagocytes and has a longer half-life and range, acts on adjacent cells to inhibit NADPH oxidase activity [4, 27] . Additionally, arachidonic acid and fatty acid hydroperoxides also inhibit macrophage superoxide production by depolarizing plasma and mitochondria1 membranes [6, 19, 28] . Short-term activation by arachidonic acid has also recently been demonstrated in the central nervous system (CNS), where potentiates the release of glutamate, inhibits glutamate re-uptake [29] and activates glutamate Nmethyl-u-aspartate channels [9] . endothelium [30] , where it is converted to prostacyclin. Additionally, arachidonic acid has been shown to stimulate the efflux of calcium, which may itself play a role in intracellular activation [ 3 13 .
Arachidonic acid and the development of immunological memory
The characterization of patterns of molecular activity allows analysis of how these patterns change with time. The development of dynamic pattern and recognition is the basis of immunological memory.
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Arachidonic acid (ara) is normally derived principally from the diet or from dietary precursors. Quantitatively, the greatest conversion of precursors t o cellular arachidonic acid occurs in the liver, although desaturase and elongase enzymes of the reticuloendothelial system may play a minor role in determining essential fatty acid supply. A more important role is played by cellular enzymes of esterification and remodelling, which regulate phospholipid and membrane structure. These enzymes maintain a low level of cell-associated non-esterified arachidonic acid. Agonist stimulation releases non-esterified arachidonic acid both intracellularly and extracellularly. This release is associated with Ca2+ mobilization and reactive oxygen generation in the vicinity of the stimulus. In the context of immunological memory, one property of the immune system in which arachidonic acid may play an essential role is in the 'priming' and development of immunocompetent cells. Other reviews in this symposium will define more closely the molecular control of this process via kinase activity. However, there is evidence that phospholipase A, is up-regulated by bacterial endo- 
Arachidonic acid and the control of cell proliferation
In this symposium, various contributions describing the manipulation of essential fatty acid availability indicate the importance of arachidonic acid in cytokine action and in lymphocyte proliferation. In addition, there is a possible role for arachidonic acid in the control of cell proliferation involving the pathways of lipid peroxidation. The polyunsaturated fatty acids of biological membranes, of which arachidonic acid is the most abundant, are highly susceptible to lipid peroxidation. Under appropriate conditions, lipid peroxidation has the characteristics of a chain reaction, giving rise to breakdown products including alkenals and aldehydes ( Figure   2 ). Evidence for the involvement of lipid peroxidation in the control of cell proliferation includes observations that proliferating and transformed cells exhibit lower levels of lipid peroxidation and lower essential fatty acid content [33] . Inhibition of lipid peroxidation by B-cell leukaemia-2 (Bcl-2) transfection also inhibits apoptosis [ 341. Exogenous arachidonic acid is the most potent essential fatty acid in limiting cancer cell growth in vitro [33] . It is possible that arachidonic acid acts both as a stimulus and as a substrate for this autocatalytic process (Figure 3) . The rate of peroxidation in leucocytes can be stimulated by micromolar concentrations of arachidonic acid (Figure 1) . Although the extent of peroxidation is greater in phagocytes than in other cell types, arachidonic acid stimulation of cellular peroxidation is not limited to the phagocyte populations [see lymphocyte peroxidation and its stimulation by arachidonate (Figure l) ].
It is therefore postulated that the endogenous release of arachidonic acid in normal cells performs an autoregulatory network role in controlling lipid peroxidation and cell growth. It is possible that in pathological conditions involving rapid cell growth the endogenous supply of arachidonic acid is diminished and is not able to perform this autoregulatory function of arachidonic acid this effect.
Conclusions
Recent advances in [33] . Further network analysis flux is important to investigate immune network theory indicate that intracellular and intercellular activities can be coupled to multicellular system analysis to define flux and the development of molecular memory [22] [23] [24] . The dynamic properties of arachidonic acid flux do not preclude its importance in the functioning of the immune network. Instead they indicate that the selective action and ubiquitous distribution of arachidonate within the participating cells of the reticuloendothelial and nervous sytems make it a key element in the development of connectivity. These properties have not been adequately defined by previous more static network definitions or by structural and genetic analysis. Evidence is accumulating to suggest that arachidonic acid plays an important part in the secondgeneration networks defined by Coutinho and co-workers [22-241. These networks cover intracellular and intercellular events during immune function and in the development of immunological memory. These networks have some resemblance to neural networks in establishing spatio-temporal patterns of connectivity. Immune networks also resemble more fluid mathematical models of interaction between cells and mediators associated by receptor type and response pathway distribution. Network theory has the advantage of defining complex quantitative associates such as fatty acid distribution in an objective and non-hierarchical manner. It has the disadvantage that the exact relationship between individual elements is not always easy to define. However, network analysis will yield new insights into the investigation of arachidonic acid activity in both dietary and acute experiments. Such approaches are already being implemented in the analysis of phagocyte activation [35, 36] . This analysis has identified ultrastructural changes associated with Ca2+ mobilization and immunological activation. Network approaches of this type will indicate the probability of strong associations between arachidonic acid flux and cell activation, transcellular signalling and the immunomodulation associated with cell proliferation and the control of cell growth that define immunological memory.
Network approaches may therefore be especially useful in the analysis of the multifactorial changes associated with pathophysiological events such as trauma, cancer and cardiovascular disease, conditions in which arachidonic acid may play a mediatory role [1, 36] . T o carry out network analysis, calculations of arachidonic acid flux similar to those defined for PtdIns(4,5)P2 by Stephens et al. [ 141 must be associated with parameters of cell activation and cell-cell inactivation.
